The filmy dome spider Neriene radiata (Wa!ckenaer) [= Lin.vphia (Prolinyphia) 2) To obtain direct proof of two types of juveniles in the population at the end of the spring reproductive period--rapid developers, and those that over-winter before becoming mature. The goal was to confirm the previous interpretation of the observed phenology, which was based upon indirect, nonexperimentally derived evidence.
(Prolinyphia) marginata C. L. Koch; Araneae, Linyphiidae] spins a fine, dome-shaped web in the understory vegetation of temperate forests. Early accounts suggested that this species has a typical annual life cycle; however, later research uncovered indirect evidence of a mixed life-history pattern in a Michigan population of N. radiata (Wise 1976) . Seasonal changes in composition of this population strongly suggested that some hatchlings emerging from egg sacs laid in the spring developed rapidly, matured by August and reproduced before the end of the season. Other progeny of springmaturing adults apparently displayed a typical annual life cycle, over-wintering as juveniles and maturing the next spring. Since this type of life cycle had not been reported often for spiders, decided to explore it in more depth.
The research reported here had two major goals: 1) To describe the phenologies of two different local populations of N. radiata in Maryland, and to compare them with the phenology of the more northern Michigan population. Such a comparison would indicate whether or not the length of the growing season might influence the species' life history pattern.
2) To obtain direct proof of two types of juveniles in the population at the end of the spring reproductive period--rapid developers, and those that over-winter before becoming mature. The goal was to confirm the previous interpretation of the observed phenology, which was based upon indirect, nonexperimentally derived evidence.
* Manuscript received h the editor August l, 1984 Psyche [Vol. 91 M ETtt ODS The research, conducted at two sites 35 km apart, involved censusing undisturbed areas, manipulating the age structure of one population in a field experiment, and rearing field-collected juveniles from both populations. Stud' Sites The terrain of the oak forest on the Liberty Watershed, 40 km northwest of Baltimore, Maryland, was hilly, with rocky outcroppings, fallen trees and small saplings offering a variety of substrates for N. radiata to attach its web. A population at the Liberty site, on a south-facing slope at 180 m elevation, was studied 1980-82.
The Patuxent site was located south of Liberty on the Patuxent Wildlife Research Center near Laurel, Maryland, at an elevation of 40 m. The oak forest at Patuxent differed from that at Liberty by having several beech and some pines. The terrain was flatter, with no rocky outcroppings and with a floristically less diverse understory. Much of the Patuxent ground cover was Vacunium sp. Relatively rare at Patuxent before 1980, the filmy dome spider was more common 1981-82. During these years several studies were done with the Patuxent population.
Deternining the Phenological Pattern in Mar'land Populations During 1980-82 monitored seasonal changes in the size-class structure of the Liberty population by repeatedly censusing 13 areas marked with short, inconspicuous stakes. At Patuxent 8 similarly marked areas were censused, but in 1982 only. Mature N. radiata were collected at Liberty (spring, 1980-81; summer, 1980) and Patuxent (spring and summer, 1981-82) by capturing every adult encountered during a search of vegetation in the vicinity of the areas set aside for censusing. These spiders provided data on yearly and seasonal changes in size at maturity and fecundity. Collected adults were anesthetized briefly with CO2, measured and then paired in jars kept in the laboratory or on a covered, screened porch in the forest at Patuxent (1982 In 1982 juvenile spiders were collected from Liberty and Patuxent. As in 1981, the smallest spiders that could be found were removed, but they were collected two weeks later in the season. On 21 July collected 41 immature spiders from Patuxent and 80 from Liberty. As in the previous two years, these spiders were also the progeny of spring adults, judging from the minimum time elapsing from maturity to hatching of progeny from the first egg sac (19-21 days; unpubl, data (Fig. 1) . Seasonal changes in the size-composition of both populations, particularly at Liberty, were similar to those found in the Michigan study (Figs. 2, 3; Wise 1976) . The persistence of relatively high numbers of immature stages during the summer, and the absence of intermediate stages at the end of June, provide evidence of a polymorphic phenology: some progeny of the spring adults apparently over-wintered as juveniles, whereas others developed rapidly and molted to adulthood between the end of July and the first part of September. Average adult carapace width was always significantly smaller in summer than spring (Table 1) , additional evidence that summer-maturing adults developed rapidly within a single season and were not the offspring of the previous summer's adults.
Females that matured in the spring laid more, but smaller, eggs than summer-maturing spiders (Table 1) . Fecundity differences such as these could reflect different seasonally adaptive reproductive behaviors, or more simply, could have resulted entirely from reproductive parameters being correlated with female size. This possibility was examined. Analysis of the 1982 Patuxent data revealed statistically significant correlations between number of eggs in the first sac, egg diameter and female carapace width. Stepwise multiple linear regression of the pooled seasonal data indicated that number of eggs was significantly related to both female size and mean egg size (R .52). Most of the variation in number of eggs laid could be explained by the correlation with carapace width; addition of egg size as an independent variable increased the value of R by only .05. In a similar analysis with egg size as the dependent variable, egg number was the only statisticallysignificant independent variable. Seasonal differences in reproductive parameters were then reexamined by comparing the adjusted means through ANCOVA of the appropriate regression equations. Differences between spring Changes in numbers are directly related to changes in population density because these same areas were censused each date. Although censuses were not conducted as frequently in 1982, they were made often enough to reveal a pattern similar to that of previous years: scarcity of adults at the end of June and an increase by early August.
and sumvner in number of eggs reflected seasonal differences in female size and egg size. However, the eggs laid by summer females were significantly larger than spring eggs even after correction had been made for the negative correlation with egg number (Table 2) . The correlation between mean egg diameter and mean hatchling size for 46 summer females in 1982 was 0.51 (p < .001, df 44).
The structures of the Liberty and Patuxent populations differed on the same date (Fig. 3) (Table 4) .
DISCUSSION
Maryland populations of the filmy dome spider exhibit a polymorphic life history pattern similar to that discovered in a more northern population in Michigan (Wise 1976 (Browning 1941 , Jones 1941 , Deevey 1949 , Turnbull 1962 , 1965 . Rearing studies with hatchlings of Patuxent females show that food supply can affect rates of growth and development of the filmy dome spider (Wise, submitted) . Martyniuk has also demonstrated the plastic response of developmental rate in N. radiata to variations in prey abundance in a laboratory study, and in a field experiment has established that local differences in prey abundance influence web-site selection and tenacity in this species (Martyniuk 1983 (Wise 1975 Dondale 1961 , Almquist 1969 , Toft 1976 , 1983 . Frequently this variation is correlated with differences in length and average temperature of the growing season, either between years or along latitudinal and elevational gradients. However, most examples involve shifts not between univoltine and bivoltine patterns, but between annual and biennial life cycles. In fact, the occurrence of two generations per year has not been reported often for spiders. Juberthie (1954) concluded that several species he studied had bivoltine life cycles, though his evidence came solely from laboratory rearings. At least one of the species that he studied apparently completes only one generation per year in nature (Enop/ognatha ovata; Seligy 1971). However, examination of areas warmer than those studied by Seligy might reveal a biannual phenology for E. ovata.
Bonnet (1930, cited by Levy 1970) found that Pirata piraticus probably produces two generations per year. Another wolf spider, Lycosa T-insignita, has a phenology similar to that of the filmy dome spider (Miyashita 1969). Two adult peaks occur, and as with N. radiata, adults that mature in the summer are smaller than spring-maturing individuals. Furthermore, apparently not all L. Tinsignita complete two generations per year.
Possibly modified bivoltine life cycles are characteristic of many small spiders in temperate regions. Casual, non-systematic observations of the linyphiid Frontinella p)'ramitela (Walckenaer) suggest that this species may have two peaks in adult abundance each year (pers. obs.). The occurrence of two abundance peaks in a year, termed diplochronism by Tretzel (1961) , occurs in several species of spiders (Toft 1976 different times is also evidence that such a conversion from rapid to slower development occurs well in advance of the end of the season. Additional evidence comes from a rearing study that found marked differences in the developmental fates of hatchlings emerging at different times during June and July (Wise, submitted). Perhaps adult N. radiata cannot adapt physiologically to cold. Thus winter mortality of adults might be one selective factor that has favored maturation well in advance of winter. Another possible selective factor might be the lower rate of survival over winter of smaller juvenile N. radiata (Martyniuk 1983; Wise, unpubl, data) . The peak of egg-laying by the second generation occurs early enough for most hatchlings to emerge and complete one or more molts before the end of the growing season. Their chances of surviving the winter are greater than if they had emerged from egg sacs laid at the end of the season. Since egg size and hatchling size are positively correlated, the fact that summer females lay larger eggs than spring females also suggests the increased importance of size to juvenile survival later in the season.
Those spiderlings that postpone maturation tend to mature at a larger size, which leads to higher female fecundity. Increased size may also improve the mating success of males, since they compete aggressively for females (pers. obs. (Schaefer 1976 (Schaefer , 1977 (Wise 1976) . A field experiment and rearings of juveniles collected at dfferent times of the season confirmed the presence of rapid and slow developers. Furthermore, these studies, in conjunction with the results of other research (Wise, submitted) , established that variation in the timing of reproduction by spring-maturing females is the major contributor to the variable developmental rates of young spiders during the summer.
Progeny of early-spring maturing females develop rapidly, mature by August and deposit egg sacs before the end of the season.
Hatchlings from these sacs over-winter as early instars and mature late the following spring. Progeny of these late-spring maturing individuals do not develop to maturity within the same season. Instead, these offspring over-winter as juveniles and mature early the next spring. On average, then, three generations are completed every two years in these populations.
These two paths of development represent two alternatives, determined primarily by the seasonal timing of reproduction, but subject to the influences of other environmental variables. Thus the pattern as described is idealized. The actual fraction of spiderlings developing along each path varies between sites, and even between years at the same site, in response to differences in environmental factors such as web-site temperature, length of the growing season and possibly prey abundance. In different situations anywhere from a few to most of the progeny of late-spring maturing individuals may develop to maturity in the same season that they hatched. Some northern populations of N. radiata may be mainly univoltine, whereas populations at the southern limits of the species' range may be entirely bivoltine.
The phenology exhibited by Maryland and Michigan populations of N. radiata is intermediate between an annual and a bivoltine life cycle. This type of phenology has not been reported often for spiders. Whether or not this pattern is unusual, or is common but undocumented, remains to be established.
